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1. Introduction 


Briickner, M. & Mossakowski, D. 2006: Phylogeny of the genus Percus (Coleop- 
tera: Carabidae) — nuclear genes and the basal splits. — Entomol. Fennica 17: 
195-199. 


The phylogeny of the western Mediterranean genus Percus s.l. (Coleoptera, 
Carabidae) was analysed using partial DNA sequences of the nuclear 28S rRNA 
gene (865 bp). All 18 species of Percus s.l. with exception of P. espagnoli from 
the Balearic Islands were included. Phylogenetic analysis using the Maximum 
likelihood method reveals that the genus splits into three groups. The French 
Percus villai stands on its own. The Tyrrhenian species of Corsica, Sardinia, Sic- 
ily and the Italian mainland form the second group. Within this group, the phylo- 
genetic relationships are not resolved. The third group includes Percus plicatus 
from Mallorca and the species of the subgenus Pseudopercus from the Iberian 
Peninsula. These results indicate that the subgenus Percus s.str. is paraphyletic. 
The split of Pseudopercus and P. plicatus probably occurred with the separation 
of the Balearic islands from the Iberian peninsula (20 million years ago) or by the 
flooding of the Mediterranean after the Messinian salinity crisis (5.3 million 
years ago). Based on these assumptions, the divergence rate of the 28S gene can 
be estimated as being at 0.22—0.27% or at 0.99-1.01% per million years. 
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percus consists of four species which are distrib- 
uted in the south-eastern part of the Iberian Penin- 


The genus Percus s.l. (Coleoptera: Carabidae) 
consists of 18 species which are distributed in the 
western Mediterranean area (Fig. 1). Tradition- 
ally this genus was divided into two subgenera, 
Percus s.str. and Pseudopercus. The 14 species of 
Percus s.str. are distributed around the Tyrrhe- 
nian Sea (Corsica, Sardinia, Sicily and the Italian 
mainland), in the French Maritime Alps (Percus 
villat) and in the Balearic Islands (P. plicatus in 
Mallorca and Menorca and P. espagnoli in 
Cabrera and Foradada). The subgenus Pseudo- 


sula. 

The distinction between Pseudopercus and 
Percus s.str. is based mainly on the keel at the 7" 
interstriae which is more distinct in Percus s.str. 
than in Pseudopercus (Lagar Mascaro 1965). 
Ganglbauer (1909) and Porta (1923) divided the 
Percus species using the series umbilicata at the 
8" interstriae which is missing in Pseudopercus 
and in P strictus, P. grandicollis and P. cylindri- 
cus. Enlarged and transversally furrowed temples 
are present in P. strictus, P. grandicollis and 
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P. corsicus. Ganglbauer (1909) described a close 
("sehr nahe”) relationship of P. passerini, P. 
villai, P. lineatus and P. bilineatus which all show 
striae on the elytra. However, a morphologic 
analysis of the genus Percus s.l. based on the prin- 
ciples of Phylogenetic Systematics is missing up 
to now. 

A detailed analysis of the species complex of 
P. strictus and P. grandicollis was performed by 
Briickner (2001, 2002a) using mtDNA sequences 
of protein coding genes, RAPD and morpho- 
metric data. An allozyme analysis of P. strictus 
from Sardinia was performed by Ketmaier et al. 
(2003). Phylogenetic analyses of the Pseudo- 
percus species based on mitochondrial and nu- 
clear DNA sequences lead to different gene trees 
which must be the result of ancestral polymor- 
phism or introgression (Briickner 2004). A de- 
tailed phylogenetic and biogeographic analysis 
was performed by Brückner (2002b). In the pres- 
ent study, the monophyly of the two subgenera 
and the phylogeny of the basal groups are ana- 
lysed using nuclear gene sequences. 

DNA sequences of slow evolving nuclear 
genes like the 28S rRNA gene seem to be suitable 
especially to resolve deep branches and older 
splits in carabids, since this gene has been suc- 
cessfully used for phylogenetic analyses in in- 
sects and especially in carabids before (Friedrich 
& Tautz 1995, 1997, Kim et al. 2000). In Pseudo- 
percus species, the 28S rRNA gene evolves 2-3 
times slower than mitochondrial genes (Briickner 


2004). A further advantage of nuclear rRNA 
genes is their concerted evolution (Zimmer et al. 
1980). The intraspecific variability of this gene is 
low, so phylogenetic analyses can be performed 
with only few individuals of each species for an 
appropriate phylogenetic reconstruction (e.g., 
Hillis & Dixon 1991). 


2. Material and methods 


DNA sequences of all species of the genus Percus 
s.l. (except for Percus espagnoli) from the fol- 
lowing collection sites were analysed: P. passe- 
rini (Dejean, 1828) (Tuscany, Italy), P. paykulli 
Rossi, 1790 (Tuscany, Italy), P. andreinii Mai- 
nardi, 1914 (Umbria, Italy), P. dejeani Dejean, 
1831 (Lazio and Marche, Italy), P. bilineatus 
(Dejean, 1828) (Calabria, Italy), P. reichei 
Kraatz, 1858 (Corsica, France), P. corsicus 
Serville, 1820 (Corsica, France), P. grandicollis 
Serville, 1820 (Corsica, France), P. strictus 
Dejean, 1828 (Sardinia and Sicily, Italy) and 
P. cylindricus Chaudoir, 1868 (Sardinia, Italy). 
DNA sequences are deposited in the GenBank 
data base under accession numbers DQ789060— 
DQ789074. The following sequences (Acc. No. 
AY334311—AY334317) were obtained from a 
previous study (Brückner 2004): Percus villai 
Kraatz, 1858 (Maritime Alps, France), P lineatus 
Solier, 1835 (Sicily, Italy), P. plicatus (Dejean, 
1828) (Mallorca, Spain), Pseudopercus politus 
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Fig. 2. Maximum Likeli- 
hood tree of the 28S 
rRNA data set (—In like- 
lihood = 3130.09). Ab- 
breviations: A: Arbatax, 
O: Oristano, ML: M. 
Limbara (all Sardinia, It- 
aly), Si: Sicily (Italy), R: 
Gorges de la Restonica 
(Corsica, France), Ab: 
Abruzzi, N: M. Nerone, 
Marche (both Italy). 
Bootstrap values are 
given at the branches. 
Branch lengths are pro- 
portional to the number 
of substitutions. 


(Dejean, 1831) (Andalusia, Spain), Pseudo- 
percus patruelis Dufour, 1820 (Girona, Spain), 
Pseudopercus guiraoi Perez-Arcas, 1869 (Mur- 
cia, Spain) and Pseudopercus stultus Dufour, 
1820 (Castellon, Spain). 

DNA was isolated from thoracic muscle of 
frozen specimen using the QIAamp tissue kit 
(Qiagen). The amplification of the analysed part 
of the 28S rRNA gene (approx. 1,000 basepairs) 
was performed using the primers 28S-01 and 
28SR-01 (Kim et al. 2000) (PCR cycles: 5 min 
96 °C (1x); 90 sec 96 °C, 90 sec 46 °C, 90 sec 
68 °C (5x); 90 sec 96 °C, 90 sec 50 °C, 90 sec 
68 °C (28x); 3 min 68 °C). After separation on an 
agarose gel and a cleaning step using the Qiaex II 
gel extraction Kit (Qiagen), DNA sequencing of 
the PCR product was done on an ABI 373A se- 
quencer using the PCR primers. In addition, two 
internal primers were designed for sequencing 
(288-1: 5’-GTT TAC CCC TGA ACA GTT TCA 
CG-3’; 28S-ir: 5’°-GTG AAA CTG TTC AGG 
GGT AAA CC-3’). 

For alignment the ClustalX program (Thomp- 
son et al. 1997) was used (gap opening: 10; delay 
sequence divergence: 40%; DNA transition 
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weight: 0.5). Gaps and parts of uncertain 
homology were removed from the data set. 
Homoplasy content was checked using transi- 
tion-transversion ratio and skewness. Phylogen- 
etic analysis was performed using the Maximum 
Likelihood (ML) algorithm in PAUP* 4.0b10 
(Swofford 1998). The HKY85 evolution model 
with empirical base frequencies and observed 
transition/transversion ratio was chosen for the 
analysis. 

Branch support was checked by bootstrap 
analysis (1,000 pseudoreplicates). Two further 
Molopini, viz. Abax parallelepipedus and Mo- 
lops piceus, and one Pterostichini, viz. Ptero- 
stichus niger, were chosen as out-group species 
for the present analysis. 


3. Results 


After removing gaps and parts of uncertain 
homology, the 28S rRNA data matrix consists of 
865 positions in 25 taxa. The 28S rRNA gene GC 
content (42.4%) is much higher than in insect mi- 
tochondrial genes. The data set of the in-group 
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contains 107 variable and 57 phylogenetically in- 
formative sites. The highest observed p-distance 
within the in-group is 7.13% (P. patruelis and 
P. cylindricus). The mean p-distance is 2.78% 
within the in-group. The high transition-transver- 
sion ratio (1.73) and the low g, value (-1.56) indi- 
cate a low homoplasy content in the 28S rRNA 
data set so that the phylogenetic results are proba- 
bly based on synapomorphic characters. 

The phylogenetic analysis of the 28S rDNA 
sequences resulted in the Maximum Likelihood 
tree shown in Fig. 2. Three groups are found: 
Percus villai stands on its own. The Tyrrhenian 
species form a second group, supported by 96% 
bootstrap value. The Spanish Pseudopercus spe- 
cies and Percus plicatus from the Balearic Islands 
build up the third group which is supported by 
90% bootstrap value. Considering these three 
groups P. villai splits first. 


4. Discussion 


The basal split between P. villai and all other in- 
vestigated in-group species is only weakly sup- 
ported. A bootstrap value of 60% is too low to dis- 
cuss this basal split as the most ancient speciation 
process occurred in the genus Percus s.l. There- 
fore, the relationship of the three major groups re- 
mains unresolved. 

The Tyrrhenian group is supported by the 
high bootstrap value of 96%. However, the splits 
within this monophyletic group are much more 
recent than the other splits because of the very 
short branch lengths. Therefore, no resolution is 
found using the slowly evolving 28S rDNA se- 
quences. Other genes with higher substitution 
rates such as mitochondrial genes are more suc- 
cessful in resolving these relationships (Brückner 
2002). 

The four Pseudopercus species form a mono- 
phyletic group which is supported by a 100% 
bootstrap value. This subgenus is sister to P. pli- 
catus (subgenus Percus) from Mallorca with a 
90% bootstrap support. This split between P. pli- 
catus and the ancestor of the Pseudopercus spe- 
cies was probably caused by the separation of the 
Balearic Islands from the Iberian Peninsula 
which was dated back to approx. 20 myr ago 
(Rögl & Steininger 1983). Alternatively, this split 
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could have happened at the end of the Messinian 
(5.3 million years ago) when the Mediterranean 
was flooded again after a period of drying (Hsti et 
al. 1977). The observed genetic distances (per- 
centage of divergence) of the 28S DNA se- 
quences between P. plicatus and Pseudopercus 
are 4.32—5.36%. Based on these data and assum- 
ing aconstant substitution rate at each branch, the 
divergence rate of the 28S gene can be calculated 
at 0.22-0.27% or at 0.99-1.01% per million 
years. 

The positioning of P. plicatus together with 
Pseudopercus indicates that the subgenus Percus 
s.str. is not monophyletic and it is divided in the 
three major groups mentioned above. The main 
morphological character which differentiates the 
two subgenera is the keel at the basis of the 7" 
interstriae which is more distinct in Percus s.str. 
than in Pseudopercus. The phylogenetic results 
indicate that the distinct keel of the Percus s.str. 
species is the plesiomorphic character state 
within Percus s.l. Within the other Molopini, the 
genus Abax shows a distinct keel, but Molops 
does not. So the interpretation of the distinct keel 
as the apomorphic or plesiomorphic character 
state of the Molopini is difficult. Following the 
result of a phylogenetic analysis of the genera 
Abax, Molops and Percus which resulted in a 
sistergroup relationship of Abax and Molops 
(Düring & Brückner 2000), the keel of Abax and 
Percus can be interpreted as convergent. The 
other possibility is that the keel is the plesio- 
morphic character state within the Molopini and 
has been lost in Molops. Other traits like the shape 
of pronotum, the basal fovea of the pronotum and 
the form of the elytrae are not very well suited for 
differentiation of the two subgenera because of 
the high morphologic variability within some 
Percus s.str. species, e.g., in P. strictus. 

In conclusion, the division of Percus s.l. into 
two monophyletic subgenera is refuted. 

Further investigations using morphological 
characters of the paraphyletic Percus s.str. spe- 
cies should lead to a revision of the genus. 
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